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ABSTRACT  
 
Expansive soils, throughout Mississippi and the U.S., have long been a source of 
problems within the engineering and construction industries, leading to billions of dollars in 
damage annually. Along with being a source of problems, the clays throughout Mississippi are 
also of economic importance, being mined for a variety of uses. In this study, the engineering 
properties of the transitional clay facies of the Ripley Formation are studied, to characterize the 
swell potential of the transitional clay, and to assist with the evaluation of the possible 
commercial uses of the soil.  
The transitional clay is an Upper Cretaceous unit characterized as being, medium to dark 
gray, fossiliferous, laminated to bedded, and micaceous. The unit was sampled across areas of 
Chickasaw, Pontotoc, and Union Counties of Mississippi. Sample sites across the three counties 
were included in the study so that the spatial and stratigraphic variability at different scales 
within the sampled site were investigated. Various laboratory tests were performed to document 
the extent of the soils engineering properties and swell potential. Atterberg limits and potential 
volume change tests were the main testing methods, along with the use of published empirical 
methods of predicting swell potential. To assess the economic potential of the unit, the Atterberg 
limit values of the samples were compared against other clays within Mississippi that have been 
mined for a variety of uses. 
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 The results of the testing show that the engineering properties of transitional clay facies, 
within the study area, to be highly variable. A large majority of the samples, however, are 
classified as having high to very high swell potential. Any construction projects within the 
outcrop belt of the transitional clay facies should have localized, site-specific, shrink-swell 
investigations performed to assess the need for mitigation of swelling soils. The high variability 
of the properties of the transitional clay also leads to a wide range of potential economic uses. 
Further investigations must to be performed, along manufacturer specific guidelines, to be able 
to fully assess the economic potential of these clays. 
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1. INTRODUCTION 
During the mapping projects by the Mississippi Mineral Resources Institute (MMRI) in 
Northeastern Mississippi, it was noticed that the transitional clay unit of the Cretaceous Ripley 
Formation exhibited expansive qualities in several areas. It was suggested that further research 
should be done to investigate these expansive qualities, to examine any engineering problems 
they may pose, and to assess any economic value this clay may have in commercial use.  
 
Purpose Statement 
The objectives of this study are to:  
1) Characterize the engineering properties and expansive nature of the transitional clay 
facies of the Ripley Formation in Chickasaw, Pontotoc, and Union counties in 
Northeast Mississippi  
2) Compare the properties of the transitional clay with the commercial uses of other 
economically viable clays in Northeast Mississippi. 
 
Study Area 
The study area for this investigation is located in portions of Union, Chickasaw, and 
Pontotoc counties, Mississippi (Figure 1). The spatial area of these counties is, 415.43 mi2 for 
Union, 497.35 mi2 for Pontotoc, and 501.56 mi2 for Chickasaw respectively (US Census Bureau, 
2009); with a total combined area of 1,414.34 mi2.  
The climate of this area is generally temperate and humid. The city of Pontotoc, located 
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near the center of the study area has an average high temperature of 73.4°F, an average low 
temperature of 51.3°F, and an average yearly rainfall of 53.37 inches (South East Regional 
Climate Center, 2010). 
The geological units that crop out within these three counties are, from oldest to 
youngest, the Late Cretaceous, Demopolis Chalk, Ripley, and Prairie Bluff/Owl Creek 
Formations of the Selma Group, and the Paleocene, Clayton, Porters Creek, and Naheola 
Formations of the Midway Group. 
The precise study area was comprised of ten neighboring USGS 1:24000 scale, 7.5-
minute quadrangles, including the New Albany East, Ellistown, Northeast Pontotoc, Sherman, 
Southeast Pontotoc, Bissell, Troy, Troy Southeast, Houston East, and Buena Vista quadrangles 
(Figure 1).   
 
Figure 1. County map of Mississippi (MARIS, 2011). Inset, USGS quadrangles in which investigation took place. 
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2. GEOLOGY OF RIPLEY FORMATION 
 The Ripley Formation was formally named by Hilgard in 1860, with a designated type 
location in Ripley, Mississippi (Priddy and McCutcheon, 1943). The Ripley is a member of the 
Upper Cretaceous Selma Group lying within the regional-scale, southward plunging syncline 
referred to as the Mississippi Embayment (Swann and Dew, 2009). The Mississippi Embayment 
is a sedimentary trough filled with Upper Cretaceous to upper Eocene marine and deltaic 
sediments that are locally overlain by Pliocene and Quaternary fluvial deposits of the Mississippi 
River and its tributaries (Cox and Van Arsdale, 2002). 
 
Stratigraphy 
 The Ripley Formation crops out in a belt with a width of 5 to 20 miles wide, 
trending north to south, through Illinois, Missouri, Kentucky, Tennessee, Mississippi, with more 
of an east-west trend through Alabama, and Georgia (Stephenson and Monroe, 1940).  
The outcrop belt in Mississippi extends from the Tennessee state line southward through 
parts of Alcorn, Tippah, Prentiss, Union, Pontotoc, Chickasaw, Clay, Oktibbeha, Noxubee, and 
Kemper Counties (Figure 2). The Ripley Formation is underlain conformably by the Demopolis 
Formation, and overlain unconformably by the interfingering Owl Creek and Prairie Bluff 
Formations (Figure 3). 
The Ripley Formation has been within the focus of multiple geologic investigations and 
mapping projects over the years, including, Hilgard, 1860; Stephenson and Monroe, 1940; 
Priddy and McCutheon, 1943; Sohl, 1960; Puckett, 2005; and Swann and Dew, 2009. For the 
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purposes of this investigation the stratigraphic model, and lithological descriptions and 
designations used by Swann and Dew (2009) will be used. 
Swann and Dew (2009) mapped the Ripley Formation in portions of Chickasaw and 
Pontotoc Counties, Mississippi. In their study area they recognized four subdivisions of the 
Ripley. Of these subdivisions, only the Chiwapa Sandstone is a formally defined stratigraphic 
unit. The other subdivisions are informal and often considered facies. For the purposes of this 
investigation, the term facies refers to the extent of a unit of a particular lithological description. 
In stratigraphic order the designations used by Swann and Dew (2009) are: 
 
 1) Chiwapa Sandstone Member 
 2) Upper/Middle Ripley facies 
 
 3) Troy bed facies 
 
 4) Transitional clay facies 
 
 
The transitional clay is the basal stratigraphic unit of the Ripley formation. It is overlain 
by the Troy bed facies in the southern portion of the study area and the facies equivalent Coon 
Creek Tongue (facies) in the northern portion. The study area of Swann and Dew (2009) was 
smaller than the study area of this investigation, and did not include the Coon Creek facies. 
Overlying the Troy bed Coon Creek unit is the upper/middle Ripley facies. The upper/middle 
Ripley facies is known to interfinger with the McNairy Sand member, however, the 
identification of this boundary is complex, and to the best of the authors’ knowledge this 
interfingering occurs north of the study area. Above the upper/middle Ripley facies is the 
Chiwapa Sandstone.  
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These relationships are shown in Figure 3. Throughout the sampling area the units have a 
strike that is trending nearly north-south, and a westward dip at a rate of approximately 26 feet 
per mile (Swann and Dew, 2009). 
 
 
Figure 2. Geologic map of Mississippi (Thompson, 2009a). Inset is a magnification of the three counties in which 
the investigation took place. 
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Figure 3. Stratigraphic Column of the Selma Group. Based on “Mesozoic Stratigraphic Units in Mississippi” 
(Dockery, 2008). Inset is a correction of what the author believes to be an omission by Dockery in that the 
transitional clay is omitted from his stratigraphic column. 
 
Lithology 
The transitional clay unit is highly variable throughout the investigation area. Swann and 
Dew (2009) describe it as a clay which is medium to dark gray in color, fossiliferous, laminated 
to bedded, containing subordinate sand beds and laminations, and is micaceous. As the name 
states, the transitional clay marks the transition from the chalk sedimentation of the Demopolis to 
the clastic sedimentation of the Troy beds and Coon Creek facies. The variation within the 
transitional clay is attributed to its coastal to shallow marine depositional environment (Swann, 
2011). Coastal environments constantly change and evolve leading to variation in the 
stratigraphic record both vertically and laterally.  Figures 4 and 5 are representative of the 
variation within the transitional clay showing what most would consider the two endpoints of the 
variation.    
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Figure 4. A picture of the transitional clay deposited in the very nearshore coastal zone. Note the 
Ophiomorpha nodosa burrows. The presence of these burrows indicates a water depth within 3 meters of 
sea level. This particular section of transitional clay is clearly more sandy in texture than the argillaceous 
lithology commonly associated with the unit (Swann, 2011). 
 
 
Figure 5. This picture is representative of what most would classify as the typical transitional clay 
lithology. Note the greenish-gray color, fossils, and increased clay content. This is indicative of a more 
marine environment. 
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The lower contact between the transitional clay and Demopolis chalk is marked by an 
increase in calcium carbonate content with increase in depth, to the point at which the calcium 
carbonate gains strength and becomes lithified. The upper contact of the transitional clay with 
the Troy bed facies is marked by a sharp increase in calcium carbonate content, along with an 
increase in grain size from clays and fine silts of the transitional clay to sandy marls, silty sands, 
and nodular limestone beds (Swann and Dew, 2009). The upper contact with the Coon Creek 
facies in marked by an increase in grain size from clays and silts, to a fine-to medium-grained 
sand lithology. 
The Troy beds are described as interbedded sandy, nodular limestone, calcareous sand, 
marl, and argillaceous chalk. The limestones are listed as light gray, often nodular, argillaceous, 
and fossiliferous. The sands are medium to light gray, fossiliferous, and bioturbated, with the 
chalks and marls being light gray, fossilferous, poorly indurated, and massive to poorly bedded. 
The upper limit of the Troy beds is defined as the highest calcareous bed before entering the 
overlying Ripley sands. 
The Coon Creek facies is a stratigraphic equivalent to the more offshore troy beds. It is 
composed of well-sorted, fine-grained glauconitic, marine sands and clays. The Coon Creek is 
characteristically dark gray in color, but may weather to greenish-gray and reddish-brown 
(Russell and Parks, 1975). 
Swann and Dew (2009) describe the upper/middle Ripley as a sand being medium-to 
coarse-grained, micaceous, cross bedded to poorly bedded to massive, and sparsely fossiliferous. 
This facies is referred to as the upper or middle Ripley depending upon the presence of the  
Chiwapa Sandstone member. If the Chiwapa member is present the facies is referred to as the 
“middle” Ripley. If the Chiwapa is not present, the facies is referred to as the “upper” Ripley. 
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The Chiwapa Sandstone member is composed of sandy, fossilferous, limestone. The 
Chiwapa is typically lensoidal, although as much as 18 feet of section have been noted in some 
locations. 
 In their 2009 report, Swann and Graupner discuss the results of the MMRI-Reeves No. 1 
stratigraphic test well, drilled in the southwest portion of the Troy quadrangle (Sec. 22, T12S, 
R3E), located in the southern portion of the study area. The well reached a total depth of 403 feet 
from a surface elevation of 445 feet above sea level. The lower contact of the Ripley Formation 
was assigned a depth of 313 feet and the upper contact a depth of 72 feet, for a total thickness of 
241 feet. The transitional clay was sampled from a depth of 313 feet to 194 feet for a total 
thickness of 119 feet. The Troy beds were assigned 51 feet of total section. The middle Ripley 
was encountered from a depth of 143 feet to 83 feet for a total thickness of 60 feet. The Chiwapa 
was assigned a total thickness of 11 feet.  
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3. CLAYS 
 The term “clay” has many different definitions depending upon the context in which it is 
being used, i.e. agricultural soil type, engineering soil type, mineral type, or partical size. As 
defined by the joint report from the Association of Internationale pour l’Etude des Argiles i.e. 
International Association for the Study of Clays (AIPEA), and the Clay Mineral Society (CMS) 
(Guggenheim and Martin 1995, p.1): 
  
“The term “clay” refers to a naturally occurring material composed primarily of fine-
grained minerals, which is generally plastic at appropriate water contents and will harden when 
dried or fired. Although clay usually contains phyllosilicates, it may contain other materials that 
impart plasticity and harden when dried or fired. Associated phases in clay may include materials 
that do not impart plasticity and organic matter”. The report also defines the term clay mineral 
as, “The term “clay mineral” refers to phyllosilicate minerals and to minerals which impart 
plasticity to clay and which harden upon drying or firing”. 
  
 For the purposes of this investigation the Unified Soil Classification System (USCS) 
description of clays will be used. The USCS designates clays as an inorganic soil that is fine 
grained (greater than 50% passing through a No. 200 sieve), having Atterberg limits above the 
“A” line, and a Plasticity Index greater than seven. The USCS goes on to describe clays as 
generally having medium to very high dry strength, none to very slow dilatency, and a medium 
to high toughness near the plastic limit of the sample. 
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Clay Soil Mineralogy 
The inherent properties of a clay soil are the controlling factors in terms of its possible 
commercial uses as well as its swelling potential. The most important factor when assessing 
clays for these purposes is the mineralogical composition. There are at least nine mineralogical 
classifications possible for clays, though for the purposes of this investigation only the three 
most common, kaolinite, illite, and smectite (montmorillonite) will be addressed.  
 Kaolinites are defined as having a 1:1 repeating lattice crystal structure, being composed 
of one alumina octaherda and one silica tetrehedra. Due to this 1:1 repeating lattice, kaolinites 
are non-expansive. Illites are defined as having a 2:1 lattice structure, indicating the crystal 
structure is composed of two silica tetrehedra around one alumina octaherda. Between each 
repeating silica and alumina unit of an illite there is a potassium cation bonding the units. This 
potassium cation bond is strong and makes illites non-expandable. Breakdown of this bond, 
however, can lead to slight expansion in what is referred to as “degraded” illites. Illites, while 
being defined as the most common clay mineral in the U.S., are the least common in the state of 
Mississippi (Aughenbaugh, 2011).  
 Smectities, known in engineering as montmorillonites, are the most common clay type in 
Mississippi, calcium montmorillonite is the most typical. Like illites, montmorillonites are 
defined as having 2:1 lattice structure. Unlike illites, montmorillonites are expansive soils. 
Instead of potassium cations bonding the units, sodium and calcium cations are present. Sodium 
montmorillonite, commonly referred to as bentonite, is the most expansive clay mineral. This 
expansion is caused by water entering the interlayer space due to the weak charge of the Na+ 
cations, or by the exchange of the interlayer Na+ cation with water molecules. This exchange is 
referred to as intracrystaline expansion. Calcium montmorillonites, which are the most common 
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clay minerals in Mississippi, are also prone to expansion, however, in a lesser degree 
(Aughenbaugh, 2011). Due to the larger size of the Ca2+ cations there is less space for water to 
enter the interlayer space. Expansion can still occur due to substitution of the Ca2+ with water 
molecules (Bolter, 1982). The differences between intracrystalline and interparticle expansion 
are shown in Figure 6. 
 
   
 
 
 
 
 
 
 
 
 
 
Figure 6. Diagram of interparticle and intracrystalline clay expansion (Faruque, 1998) 
  
 It is possible for soils to contain admixtures of the different clay mineralogies. As 
mentioned earlier, there is not a high occurrence of illite in Mississippi in which case the 
kaolinite/montmorillonite ratio is the controlling factor of clay expansion (Aughenbaugh, 2011). 
Mixtures of clay with organics are also possible. The introduction of organics has a negative 
effect on the swelling potential of the soil.  
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4. EXPANSIVE SOILS 
The term “expansive soils” has many different synonyms. The terms swelling soils, 
heaving soils, volume change soils, shrink-swell soils, moisture sensitive soils, shrinkage soil, fat 
clays, and expansive clays, are all encompassed by the term expansive soils. Expansive soils are 
soils in which volume change occurs when the natural environmental conditions, i.e. moisture 
content, of the soil is altered (Dakshanamurthy and Raman, 1973). 
Expansive soils pose a major natural hazard, being responsible for tens of billions of 
dollars in damages to man made structures each year, totaling more than earthquakes, tornadoes, 
and landslides combined (Krohn and Slosson, 1980). Flooding is the only natural hazard that 
causes more damage than expansive soils annually (Petry and Armstrong, 1989). These soils are 
common throughout the United States, being found in every state, with a concentration of highly 
expansive soils in the central and southern states (Figure 7). It is estimated that as much as 20% 
of the U.S. may be underlain by soils with moderate to high expansive potential (Krohn and 
Slosson, 1980).  
The volume change of expansive soils is the ultimate cause of damage to structures, 
foundations, roadways, and other infrastructure. This volume change causes differential 
movement which damages roadways and runways, causes slope failures to occur, retaining walls 
and bridge abutments to be distorted and overturned, track systems are moved both vertically and 
horizontally out of alignment, as well as pipelines being misaligned or crushed (Petry and 
Armstrong 1989). 
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Figure 7. Map indicating swell potential of soils throughout the U.S. based upon "Swelling Clays Map of   
the Conterminous United States" (W. Olive, A, et.al., 1989). 
       
 
 
Within the state of Mississippi, there are two stratigraphic units that have been identified 
as being highly expansive, the Yazoo Clay and Porters Creek Formation (Easson et.al., 2005). 
The Yazoo is widely known due to its extreme swelling capabilities, and its relation to the state’s 
capitol city of Jackson. The Porters Creek Formation, located in the Northeastern portion of 
Mississippi, just west of the Ripley Formation, has been studied in less detail than the Yazoo due 
to its largely rural location (Easson et al., 2005). The expansive behavior of the Ripley 
transitional clay has been studied even less. The author has been unable to find any reference to 
the swell potential for the soils of the transitional clay unit of the Ripley Formation. The lack of 
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information makes the results of this investigation highly beneficial to future construction 
engineers. 
With the recent construction of the Toyota automobile manufacturing plant in northeast 
Mississippi, approximately one mile southwest of the town of Sherman, in Pontotoc County, 
there is likely to be an increase of construction projects in the near future. There are currently 
two new roadway projects scheduled for construction to help with shipping to the plant, both of 
which are currently planned to run partially within the outcrop belt of the transitional clay. 
Without proper planning these and future roadway projects located within the outcrop zone of 
the transitional clay could develop problems like those shown in Figure 8. 
 
Figure 8. Roadway damage attributed to volume change of the transitional clay, Pontotoc County (sec. 23, T9S, 
R4E). This picture shows large depressions and “pot holes” of a roadway within the outcrop belt of the transitional 
clay. 
Areas of depressions and 
“potholes” within roadway. 
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5. COMMERCIAL CLAYS 
 The mining of clays and other economic minerals has long been an important source of 
economic gain for Mississippi, being used in a number of commercial industries. Figure 9 shows 
the areal extent of economically valuable minerals throughout Mississippi. As shown in Table 1 
below, clays accounted for a large percentage of the 238 million dollars of nonfuel raw mineral 
production for the state of Mississippi in 2007. Brick manufacturing is the main use of 
commercial clays in Mississippi. Along with bricks, the clays are also used as absorbents, 
refractory materials, and aggregates.  
 
 
Table 1. Nonfuel Raw Mineral Production in Mississippi. Data on state of Mississippi mineral production volume 
and value from USGS Mineral Resource Handbook (USGS 2010). 
 
  
26.2 [ADVANCE RELEASE] U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2007
New Orleans was mined from south Mississippi clay and sand 
pit mines. 
Government Programs
The MRD continued to perform safety training for miners 
and certain other personnel at the State’s mining and mineral 
processing operations in compliance with the U.S. Department 
of Labor’s Mine Safety and Health Administration (MSHA) 
regulations, in particular under Part 46 (sand and gravel) and 
Part 48 (coal or lignite) of the MSHA regulations. Three people 
on the Mining and Reclamation staff are certifi ed by MSHA to 
do mine safety training. A grant from MSHA helps the MRD 
provide training for operations that process material, such as 
rock crushing or washing operations. The staff trained more than 
500 miners, mineral processing personnel, and contractors in 
2007. 
Quantity Value Quantity Value Quantity Value
Clays:
Bentonite W W 78 5,180 67 4,610
Common 642 2,860 549 3,100 508 2,860
Fuller’s earth 354 33,000 W W W W
Gemstones, natural NA 1 NA 1 NA 1
Sand and gravel, construction 14,400 85,200 19,300 133,000 13,900 94,200
Stone, crushed 3,520 47,800 3,070 r 53,700 r 3,120 58,900
Combined values of cement (portland), clays (ball),
lime (2007), sand and gravel (industrial), and values 
indicated by symbol W XX 52,000 XX 77,200 r XX 76,900
Total XX 221,000 XX 272,000 r XX 238,000
Mineral
1Production as measured by mine shipments, sales, or marketable production (including consumption by producers).
2Data are rounded to no more than three significant digits; may not add to totals shown.
rRevised. NA Not available. W Withheld to avoid disclosing company proprietary data. Withheld values included in “Combined value” data.
XX Not applicable.
2005
TABLE 1
NONFUEL RAW MINERAL PRODUCTION IN MISSISSIPPI1, 2
(Thousand metric tons and thousand dollars)
2006 2007
Number Quantity Number Quantity
of (thousand Value of (thousand Value
Type quarries metric tons) (thousands) quarries metric tons) (thousands)
Limestone 3 3,050 $53,000 3 3,010 $56,800
Miscellaneous stone 1 29 632 1 113 2,130
Total XX 3,070 r 53,700 r XX 3,120 58,900
rRevised. XX Not applicable.
1Data are rounded to no more than three significant digits; may not add to totals shown.
TABLE 2
MISSISSIPPI: CRUSHED STONE SOLD OR USED, BY TYPE1
2006 2007
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Figure 9. Economic Minerals Map of Mississippi, (Thompson, 2009b.) 
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Previous Investigations by Dr. Nolan Aughenbaugh 
From 1986-91 Dr. Nolan Aughenbaugh of the University of Mississippi conducted a 
series of studies on the correlation of Atterberg Limits and commercial uses of clays in the state 
of Mississippi. In his initial study, Aughenbaugh investigated the feasibility of using the 
Atterberg limits of a soil as an index test for making a first assessment of northern Mississippi 
clay deposits for commercial use (Aughenbaugh, 1987). To do this, samples were collected from 
active mining companies and surface exposures throughout North Mississippi. Atterberg limits 
were then run on these samples and the results plotted on a plasticity chart. Once plotted, the 
commercial samples were identified based on their product uses.  
 As a result, he found that the liquid limit-plasticity index plots of the samples 
exhibited good grouping on the Plasticity Chart with respect to the product use of the clay 
(Aughenbaugh 1987). Based on this conclusion, it was determined that Atterberg Limits are, in 
fact, a good index test for making preliminary appraisals of clay deposits for commercial 
exploitation. 
Due to the positive results of the 1986-87 study, another investigation was conducted to 
further verify the previous findings. The earlier study was comprised of 24 samples throughout 
northern Mississippi. This second study would add 54 more samples from all the known 
commercial clay mines in the state of Mississippi. Once again Liquid and Plastic Limit tests were 
conducted on each of the samples and results were plotted on the Plasticity Chart.  
The samples that were collected were separated into four commercial use groups; bricks, 
absorbents/bleaching, ball clays, and lightweight aggregates. The grouping for bricks was very 
well defined, with the absorbent and bleaching clays exhibiting a broader and more scattered 
pattern. Although the number of samples for ball clays and lightweight aggregates was small, 
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with only four samples each, they both exhibited distinct areal groupings.  Once again, the results 
of the investigations determined that the Atterberg Limits were an inexpensive, simple index test 
that could be used as a first evaluation of clay deposits being considered for commercial 
exploitation (Aughenbaugh 1989). 
In the following fiscal year, Aughenbaugh was given another grant to study the 
correlation between the clay samples mineralogy, commercial use, and Atterberg Limits. Fifty-
five of the samples from the previous projects were analyzed through rate tests and x-ray 
analysis to determine grain size and clay mineralogy. When the clay mineralogy was compared 
with commercial use, a distinct correlation was found. However, near the boundaries of each 
group the clay samples contained admixtures of clay minerals. Thus, it was determined that clay 
mineralogy alone was not sufficient to identify the commercial use of clays. Thus the Atterberg 
limits emerge as a very necessary index test for clays when assessing their potential for 
commercial exploitation (Aughenbaugh 1990). Figure 10 shows the distinct grouping of the 
limits of the clay samples tested by Aughenbaugh as it pertains to their commercial use. 
Throughout the research performed by Aughenbaugh, his primary conclusion was that 
due to their rapid repeatability, small sample size requirement, inexpensiveness, and large 
quantity of data gained, Atterberg Limits were the best test for use as a preliminary evaluation of 
clay deposits being considered for commercial exploitation. These characteristics of the 
Atterberg limits tests were the main considerations when choosing Atterberg limits as the 
primary testing method for the research conducted in this investigation. 
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Figure 10. Commercial Clays of MS. After Aughenbaugh 1990. A plot of the samples tested by Aughenbaugh  
and their commercial uses. 
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6. METHODOLOGY 
Sampling Procedures 
 The sampling procedure used for this project was grab/hand sampling. Samples were 
taken by digging out portions of the transitional clay from road cuts, creek banks, and creek 
bottoms throughout the study area. Locating possible sample sites in this area of Northeast 
Mississippi proved rather difficult due to the lack of roads running in the transitional clay 
exposure. Interstate 22 passes through the study area, however, the area has a sparse distribution 
of roadways, with the majority being county roads.  
In total 38 individual samples were collected. The weathered top layer of each sample 
site was first removed then the actual sample was taken and placed into sample bags. 
Approximately 2 kilograms of sample were taken from each site. Once taken, the sample 
location was then plotted on topographic maps. Figure 11 is a representative picture of most 
creek sample sites throughout this investigation. 
Whenever possible sample sites were named with previous MMRI location numbers, 
which contain an abbreviation that corresponds with the quadrangle in which the site is located. 
If there was no previous MMRI numbering the site was labeled with a new number in the R- 
series (i.e. R-1, R-3, R-5…). Figure 12 is a map of the sample locations. Appendix A contains a 
complete listing of the latitude and longitude of each sample as and indicates if the sample was 
taken from a creek or road outcrop. 
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Figure 11. Sample collection from bank of Coonewah Creek in Pontotoc County, MS (sec.25, T9S, R4E). 
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Figure 12. Sample Location Map (Google Earth, 2011) 
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Sample Preparation  
 After being collected in the field, samples were brought back to the lab where they were 
placed into pans to be air-dried. Samples remained in the pans to dry for one to two weeks until 
the water content was low enough for the sample to be crushed.  
Once dry enough, each sample was run once through a hammermill crusher, and then 
once through a pulverizer to be broken down small enough to be sieved. Before the initial 
crushing, as well as between crushing and pulverizing, special care is taken to remove any 
material that is not believed to be clay. This includes fossill fragments, concretions, organic 
matter, or any other non-soil material. Both the crusher and pulverizer are blown out to remove 
any remaining material between each sample as to not contaminate samples. 
Once crushed and pulverized each sample was then sieved using a roto-tap sieve. Each 
sample was sieved through a sieve stack containing size #10, #40, and #200 mesh sieves. The 
portion of each sample passing the #40 mesh sieve was then used in the remainder of the testing.  
 
Testing 
 There are a number of laboratory tests that prove useful in identifying and estimating the 
engineering properties and swell potential of soils (Holtz and Gibbs, 1956). For this investigation 
three different tests were selected to define the engineering properties.  
 
1. Atterberg Limits, including liquid limit and plastic limit were performed on all 38 
samples taken for this investigation. 
2. Potential Volume Change (PVC) tests were performed on four samples that were 
representative of the highest a lowest Atterberg limit values. 
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3. X-Ray Diffraction (XRD) testing was performed on the samples with the highest and 
lowest PVC values.  
 
Atterberg Limits 
The primary test forming the basis of this investigation is the Atterberg limits, including 
the liquid limit, plastic limit, plasticity index, and shrinkage limit. In 1911, Albert Atterberg 
defined the original six “limits of consistency” (ASTM, 2005).  Arthur Casagrande modified 
Atterbergs original limits in 1932 to form the “Atterberg limits” as they are known today 
(Casagrande, 1932).   
To obtain the limits for this investigation, in accordance with ASTM standard D 4318-05, 
the multipoint Cassagrande method was used to determine liquid limits, and the hand method, for 
determining the plastic limits (ASTM, 2005). The dry preparation method was used for the limits 
due to the need for the samples to be pulverized to make sieving possible. 
 
 Liquid Limit 
The liquid limit of a soil is defined as the water content, in percent, of a soil at the 
arbitrarily defined boundary between the semi-liquid and plastic states (ASTM, 2005). 
 
Plastic Limit 
The plastic limit of a soil is defined as the water content, in percent, of a soil at the 
boundary between the plastic and semi-solid states as defined by ASTM (ASTM, 2005).  
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Plasticity Index 
The plasticity index is the range of water content over which a soil behaves plastically. 
Numerically, it is the difference between the liquid limit and plastic limit, expressed as PI=LL-
PL (ASTM, 2005). 
 
Empirical Swell Potential Prediction Methods  
 Throughout the literature there are countless methods for classifying the swell potential 
of a soil based on the Atterberg limits. In this study two in particular were chosen based on their 
simplicity and concise separation of swell categories.  
Anderson and Thomson (1969)  
This method is based solely on the plasticity index of the sample. 
 PI %  Degree of Expansion 
 <20  Low 
 20-31  Medium 
 31-39  High 
>39  Very High 
 
Dakshanamurthy and Raman (1973)  
This method was developed through the modification Casagrade’s plasticity chart, and then 
further simplified by requiring only the liquid limit of the sample. 
 LL%  Potential Swell Classification 
 0-20  Nonswelling 
 20-35  Low Swelling 
 35-50  Medium Swelling  
 50-70  High Swelling 
 70-90  Very High Swelling 
 >90  Extra High Swelling 
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Potential Volume Change Testing 
  T. William Lambe defined the methods for use of the Potential Volume Change (PVC) 
Meter in 1960 as part of the Federal Housing Administration report FHA-701 (FHA, 1960). The 
PVC rating of a soil is based on a scale of zero to greater than six. Soils with a rating from zero 
to two are considered non-critical, two to four marginal, four to six critical, and greater than six 
very critical. The PVC rating is obtained through a series of conversion relationships. The 
reading on the dial of the PVC meter, which measures movement of the proving ring in 0.0001” 
increments, is converted into the swell index of the soil in pounds per square foot. Then using a 
conversion chart (Figure 13.) the PVC rating and 
category are obtained.  
  
 
 
 
 PVC Rating  Category 
 < 2   Noncritical 
 2 to 4   Marginal  
 4 to 6   Critical 
 > 6   Very Critical 
 
          Figure 13. Swell index vs. PVC rating (FHA, 1960) 
X-Ray Diffraction  
 X-ray diffraction (XRD) is a very popular method for identifying the components of rock 
and soil materials. For this investigation, it was used as a method of semi-quantitative 
determination of the clay/phyllosilicate mineralogy of the samples. Samples of the transitional 
clay were sent to KT GeoServices in Gunnison, Colorado, for X-ray diffraction analysis. For a 
complete description of the sample preparation and analytical procedures used refer to  
Appendix D 
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7. RESULTS AND DISCUSSION 
 Throughout this investigation 38 individual samples were collected and tested for the 
purpose of determining the engineering properties and possible commercial uses of the 
transitional clay within ten topographic quadrangles located in Northeast Mississippi. The 
Atterberg limit testing results have shown that the properties of the transitional clay are highly 
variable within the study area.  
 The liquid limits of the samples vary up to 71.49%, along with the plasticity indices of 
the samples varying 52.13%. Figure 14 is a Casagrande chart plot showing the Atterberg limit 
values of the samples of this investigation. See Appendix B for complete the complete Atterberg 
limit data set of each sample. Two samples are classified as silts of high plasticity (MH), eight as 
clays of low plasticity (CL), and twenty-eight as clays of high plasticity (CH). 
 
Figure 14. Casagrande chart of transitional clay samples 
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Swell Potential Results 
 Two separate empirical methods of classifying the swell potential of the samples were 
used on all 38 samples. The method described by Anderson and Thompson (1969), resulted in 
52.63% of the samples classified as having a “high” or greater possible degree of expansion, 
with 70% of those samples being classified as having a “very high” possible degree of 
expansion. The results of the method described by Dakshanamurthy and Raman (1973), 
indicated 76.32% of the samples classified as being “high-swelling” or greater, with 41.38% of 
those samples falling into the highest two categories of “Very high-swelling” or “Extra high-
swelling”. With the number of classification categories differing between the two methods, in 
both the terminological designation of “high” was subjectively deemed to represent similar swell 
potential. The results of both methods, as well as USCS classification are shown in Appendix C.  
 Potential volume change testing was completed on four selected samples with the results 
compared against those of the Anderson and Thompson (1969) and Dakshanamurthy and Raman 
(1973) methods, as a check to prove the accuracy of the empirical methods. This is shown in 
Table 2. The PVC results indicated expected values. The results of all three methods A&T, 
D&R, and PVC are in general agreement. The data plots of the PVC tests are located in 
Appendix C.  
 
Sample 
Number 
Dial 
Reading 
Swell 
Index 
(lb./Sq.Ft.) 
PVC 
Rating 
PVC 
Category A&T D&R 
EST-011 42 6400 7.8 Very Critical Very High Extra High 
EST-023 62 >8500 >12 Very Critical Very High Extra High 
EST-043 9 1375 1.6 Noncritical Medium Medium 
EST-027 11.5 1790 2.1 Marginal Medium High 
Table 2. PVC Rating and Comparison Data. This table shows the results of the PVC testing and comparison of the 
swell potential categories found by all methods. 
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XRD Results 
 Samples EST-023 and EST-043 were chosen for XRD analysis as samples representative 
of the endpoints of the variation in the engineering properties of the transitional clay. Table 3 
shows the variation in the engineering properties and swell potential of these samples. When this 
data is compared with the mineralogical content of each sample determined through X-ray 
diffraction (Table 4.), it is very obvious why these two samples behave in the ways that they do. 
 Sample EST-023 is comprised of 61% randomly ordered mixed-layer illite/smectite. 
Within theses randomly ordered mixed layer 90% smectite layers. As stated earlier, smectite is 
an expansive clay type. This high smectite content is characteristic of highly plastic, expansive, 
clay soils. While sample EST-023 is dominantly comprised of these mixed illite/smectite layers, 
sample EST-043 is comprised of 63.8% calcite. Calcite is a non-expansive mineral, which 
explains the low plasticity and swell potential of this sample. The complete X-ray diffraction 
report is included in Appendix D. 
Table 3. Swell Potential of Samples EST-023 and EST-043. 
 
Sample # LL PL PI
Casagrande 
Designation A&T D&R
EST-023 105.54 39.25 66.29 CH Very High Extra High
EST-043 47.42 22.36 25.06 CL Medium Medium
K/T GeoServices Report Z11122  Page 2 of 9 May 3, 2011 
X-ray Diffraction Data 
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See page 3 for mineral definitions. 
See page 4 for a discussion of X-ray diffraction terminology and limitations. 
Sample preparation and analytical procedures are on page 5. 
X-ray diffraction traces are presented on pages 6 through 13. 
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Table 4. X-ray Diffraction Results. 
 Sample EST-023 was taken from 110 feet higher in the elevation than sample EST-043. 
Sample EST-043 also has a 63% greater Calcite content. This difference in elevation suggests a 
relationship between the stratigraphic location of the sample and its mineralogy. As stated 
earlier, it has been noted that the calcium carbonate content increases downward within the 
transitional clay facies. There was initial interest in the possibility of a relationship between the 
swell potential of the soil and its elevation. To assess this, the Atterberg limits of the samples 
were plotted against the elevation at which the samples were taken. The resulting plots have very 
low r2  values, in the range of 0.14-0.15 (Appendix C). The low r2 values indicate there is little 
correlation between the elevation at which the samples are taken and their engineering 
properties. 
 
Commercial Use Results 
 As previously stated, the Atterberg limit results of the transitional clay within the study 
area show that the properties of the material vary widely. This result indicates that the material as 
whole is not suitable for one individual commercial use, but rather, that depending on the site-
specific characteristics of the soil, the transitional clay may be useful for a number of 
commercial applications.  
 When the Atterberg limit results are plotted within the commercial purposes graph based 
on the work of Aughenbaugh (Figure 15), it is shown that there are a number of samples that 
could be utilized for each of the four commercial uses indicated. Of the 38 total samples, 19 
(50%) fall within the range of possible use as absorbents, 15 (39.47%) as bricks, 7 (18.42%) as 
refractory clay, and 2 (5.26%) as lightweight aggregates (Appendix E). Sample use designation 
did overlap in eight of the samples.   
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Figure 15. Commercial Clays of MS With Transitional Clay Sample Data Overlain. (After Aughenbaugh, 1990).  
 
 
 Four samples, EST-011, EST-023, EST-027, and EST-043 were chosen to send to 
industry representatives based on their respective properties. Two samples believed to be suitable 
for use as brick material, EST-027 and EST-043 were sent to Profile Products LLC and Oil-Dri 
Corporation of America. Also, two samples believed to be suitable for use as absorbents, EST-
011 and EST-023 were sent to a number of brick companies throughout Mississippi. It is the 
authors’ interest that these industry representatives will be able to provide further insight into the 
economic potential on the Ripley transitional clay. The industry contacts were made through Mr. 
Charles Swann of MMRI. Copies of the memos containing sample location information and data 
on the properties of the four samples are located in Appendix F. 
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8. CONCLUSIONS 
 The engineering properties of the transitional clay facies within the study site were tested 
through common engineering methods, as well as evaluated through empirical methods. The 
results of the Atterberg limit testing of the samples were highly variable. XRD results indicate 
that the mineralogical content varies greatly within transitional clay facies explaining the 
Atterberg limit variability among the samples. This variation is attributed to the coastal to 
shallow marine, depositional environment of the transitional clay. The coastal to shallow marine 
environment is an area of constant change leading to the deposition of material of differing 
mineralogical content within the same area. 
  The USCS classification of 73.68% of the samples is clay of high plasticity (CH). The 
empirical method of swell potential prediction described by Anderson and Thomson (1969) 
resulted in 55.26% of the samples being classified as having a high or greater swell potential. 
The empirical method described by Dakshanamurthy and Raman resulted in 76.32% of the 
samples being classified as having a high or greater swell potential. PVC testing was performed 
on a select number of samples as a method to examine the accuracy of the empirical methods. 
The results show that all three methods were in general agreement.  
 Throughout Mississippi, expansive clays have long been a source of complication and 
destruction in engineering projects. Prior to this investigation there has been no previous research 
conducted on the swell potential of the Ripley transitional clay. With the recent construction of 
the Toyota automobile manufacturing plant, located within the study area, there is sure to be an 
increase in construction of roads and other plants needed to provide necessary product support 
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and logistics. Any knowledge of the engineering properties of the nearby soils and geology 
should prove to be beneficial. With the previously stated results, it is the authors’ opinion that the 
swell potential of the Ripley transitional clay is of definite importance and should be considered 
during the planning of future engineering projects within the outcrop belt of the Ripley 
transitional clay. Due to the high swell potential as well as the high variability within the 
transitional clay facies it is the authors recommendation that site-specific shrink-swell 
investigations be performed. 
 The economic potential of the transitional clay remains uncertain. Due to the high 
variability of the soil’s characteristics, prospective commercial uses are deemed to be site-
specific. Although the soil variability is high, test results reveal that 50% of the samples could 
possibly be used in absorbent manufacturing, and 39.47% used in the manufacturing of bricks.   
 Considering the rural location and sparse population of the majority of the study area, as 
well as nearby access to Interstate 22, the transitional clay deposits of Northeastern Mississippi 
could provide opportunities to brick or absorbent manufacturing companies if the deposits are 
proven to be economically viable. Investigations should be performed in the future to further 
analyze the characteristics of the transitional clay to the specifications of the manufacturing 
companies. 
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Sample # Latitude Longitude Road/Creek Elevation (ft)
EST-039  34°24'25.00"N  88°50'28.72"W R 370
EST-043  34°24'48.29"N  88°50'29.89"W C 330
EST-027  34°27'56.94"N  88°46'59.92"W C 350
EST-040  34°24'9.48"N  88°50'27.09"W R 420
EST-023  34°29'20.65"N  88°49'14.27"W R 440
EST-012  34°29'15.57"N  88°49'39.55"W R 420
EST-011  34°29'13.22"N  88°50'18.75"W R 390
R-41(NE Pont)  34°16'53.15"N  88°54'33.83"W C 360
R-33(NE Pont)  34°18'35.98"N  88°52'57.11"W C 380
R-27(NE Pont)  34°15'51.80"N  88°53'10.88"W C 340
R-15(Sher)  34°22'27.35"N  88°51'51.34"W C 370
R-39(Sher)  34°16'18.15"N  88°49'35.19"W C 320
R-37(Sher)  34°16'56.54"N  88°51'13.63"W R 380
R-35(Sher)  34°17'1.01"N  88°51'6.73"W C 340
R-31(Sher)  34°20'51.19"N  88°50'29.63"W R 360
R-53(SE Pont)  34°13'13.59"N  88°53'10.33"W C 300
R-49(SE Pont)  34° 7'59.13"N  88°53'0.54"W C 370
R-47(SE Pont)  34° 7'59.13"N  88°53'0.54"W C 370
R-45(SE Pont)  34° 7'59.13"N  88°53'0.54"W C 370
R-43(SE Pont)  34° 9'4.88"N  88°53'43.15"W C 400
R-29(SE Pont)  34°14'6.99"N  88°53'41.51"W C 330
R-25(Bissel)  34°13'36.52"N  88°52'3.38"W R 320
R-5(Troy)  34° 4'29.92"N  88°52'49.14"W R 390
R-7(Troy)  34° 0'28.36"N  88°53'50.76"W R 430
R-9(Troy)  33°59'59.98"N  88°53'22.14"W R 300
R-57(Troy)  34° 2'7.28"N  88°52'56.33"W C 330
R-55(Troy)  34° 3'20.57"N  88°55'19.09"W C 340
R-13(TSE)  34° 7'6.12"N  88°52'15.09"W C 350
R-1(TSE)  34° 7'6.55"N  88°51'2.31"W R 350
R-61(TSE)  34° 1'52.47"N  88°49'41.53"W C 340
TSE-041  34° 1'50.82"N  88°50'21.92"W R 340
R-23(TSE)  34° 6'5.63"N  88°51'32.45"W C 340
R-3(TSE)  34° 4'13.24"N  88°51'20.53"W R 380
R-59(BV)  33°57'32.17"N  88°52'19.94"W R 340
BV-1  33°57'33.69"N  88°52'22.92"W C 300
R-21(HE)  33°58'36.45"N  88°55'19.71"W C 350
R-19(HE)  33°58'21.19"N  88°54'6.60"W C 320
R-17(HE)  33°58'43.68"N  88°54'46.55"W C 330  
Sample location, elevation, and outcrop type. 
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Appendix B. Atterberg Limit Data of Individual Samples 
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Appendix C. Swell Potential, Potential Volume Change, Elevation Relationship Data  
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Swell potential designations of samples 
 
Plasticty and Swell Potential Designations
Sample # LL PL PI
Casagrande 
Designation A&T D&R
EST-039 67.45 29.84 37.61 CH Very High High
EST-043 47.42 22.36 25.06 CL Medium Medium
EST-027 51.62 25.69 25.93 CH Medium High
EST-040 73.2 31.05 42.15 CH Very High Very High
EST-023 105.54 39.25 66.29 CH Very High Extra High
EST-012 79.78 32.54 47.24 CH Very High Very High
EST-011 93.28 34.34 58.94 CH Very High Extra High
R-41(NE Pont) 59.46 28.71 30.75 CH Medium High
R-33(NE Pont) 72.42 34.93 37.49 CH High Very High
R-27(NE Pont) 72.04 32.55 39.49 CH Very High Very High
R-15(Sher) 57.59 27.64 29.95 CH Medium High
R-39(Sher) 40.66 22.72 17.94 CL Low Medium
R-37(Sher) 45.02 20.64 24.38 CL Medium Medium
R-35(Sher) 68.66 29.37 39.29 CH Very High High
R-31(Sher) 61.04 27.56 33.48 CH High High
R-53(SE Pont) 41.19 20.31 20.88 CL Medium Medium
R-49(SE Pont) 79.42 36.64 42.78 CH Very High Very High
R-47(SE Pont) 67.04 35.72 31.32 MH High High
R-45(SE Pont) 78.33 34.48 43.85 CH Very High Very High
R-43(SE Pont) 34.01 19.85 14.16 CL Low Low
R-29(SE Pont) 67.22 31.8 35.42 CH High High
R-25(Bissel) 42.02 20.35 21.67 CL Medium Medium
R-5(Troy) 78.87 33.19 45.68 CH Very High Very High
R-7(Troy) 42.81 19.26 23.55 CL Medium Medium
R-9(Troy) 52.38 27.3 25.08 CH Medium High
R-57(Troy) 49.77 23.88 25.89 CL Medium Medium
R-55(Troy) 66.38 31.36 35.02 CH High High
R-13(TSE) 59.16 35.65 23.51 MH Medium High
R-1(TSE) 57.69 26.89 30.8 CH Medium High
R-61(TSE) 44.69 24.29 20.4 CL Medium Medium
TSE-041 55.26 25.57 29.69 CH Medium High
R-23(TSE) 52.05 25.54 26.51 CH Medium High
R-3(TSE) 78.08 27.7 50.38 CH Very High Very High
R-59(BV) 68.12 29.8 38.32 CH High High
BV-1 67.27 21.79 45.48 CH Very High High
R-21(HE) 63.79 28.88 34.91 CH High High
R-19(HE) 74.91 33.71 41.2 CH Very High Very High
R-17(HE) 82.06 32.05 50.01 CH Very High Very High
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Appendix D. X-ray Diffraction Report 
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Chris Wheeler 
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rcwheele@olemiss.edu 
 
Subject: Clay Fraction (<4 micron) X-ray Diffraction Analysis 
Samples: EST-023 and EST-043 
K/T File No.: Z11122 
 
Dear Chris, 
 
This report presents the results of clay fraction (<4 micron) X-ray diffraction (XRD) analysis 
performed on 2 samples.  This analysis is performed to provide mineralogy of the samples. 
 
Enclosed find the tabular XRD data (weight percentage), the X-ray diffraction traces and a 
detailed description of sample preparation and analytical procedures.  For your convenience, I 
have sent a copy of this report via e-mail. 
 
Unused portions of the sample will be returned upon request.  If you have any questions 
concerning these results or if you need anything else please contact me at (940) 597-9076.  
Thank you for using K/T GeoServices to perform your X-ray diffraction analyses and I look 
forward to working with you again in the future. 
 
 
Sincerely, 
 
 
 
 
 
 
 
James P. Talbot, P.G.  
 
NOTICE:  The results and interpretations presented in this report are based on materials and information supplied by the client and represent the 
judgment of K/T GeoServices, Inc.  This report is intended for the client's exclusive and confidential use, and any user of this report agrees that 
K/T GeoServices, Inc. and its employees assume no responsibility and make no warranties or representation as to the utility of this report for any 
reason.  K/T GeoServices, Inc. and its employees shall not be liable for any loss or damage, regardless of cause, resulting from the use of any 
information contained herein. 
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X-ray Diffraction Data 
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CW1 EST-023 61.0 7.1 28.0 1.8 0.9 0.8 0.4 100.0 61.3 38.7
CW2 EST-043 9.3 4.7 18.9 1.6 0.7 63.8 1.0 100.0 33.9 66.1  
 
 
 
*R0 M-L I/S 90S ± Randomly Ordered Mixed-Layer Illite/Smectite with 90% Smectite layers 
 
 
See page 3 for mineral definitions. 
See page 4 for a discussion of X-ray diffraction terminology and limitations. 
Sample preparation and analytical procedures are on page 5. 
X-ray diffraction traces are presented on pages 6 through 13. 
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Mineral Definitions 
 
Phyllosilicate (Clay) Minerals 
 
Mixed-Layer Illite/Smectite 
A clay mineral group containing interlayered or interstratified Illite and Smectite.  The mixed-
layer clay type is identified by the minerals involved (Illite and Smectite in this case), the type of 
order or stacking along the Z axis (random or not ordered in this case), and the proportions of the 
minerals involved (10% Illite and 90% Smectite in this case). 
 
Smectite (Montmorillonite) 
A clay mineral group synonymous with the montmorillonite group.  The smectite group is 
composed of expandable (swelling) clay minerals.  The general formula for Smectite is 
(Na,Ca)(Al,Mg)6 (Si4O10)3(OH)6  x n H2O.  Smectites are characterized by swelling in water and 
extreme colloidal behavior. 
 
Illite & Mica 
Illite & Mica (muscovite) are common non-expanding (non-swelling) minerals.  Illite is the fine-
grained clay mineral analogue to muscovite.  Illite and Mica are hydrated silicates containing 
potassium, silica and alumina. 
 
Kaolinite 
Kaolinite is a common non-expanding (non-swelling) clay mineral.  It is a hydrous aluminum 
silicate with the general formula Al2(Si2O5)(OH)4. 
 
Chlorite 
Chlorite is a common non-expanding (non-swelling) clay mineral.  It is a hydrous aluminum 
silicate that often contains iron. 
 
 
Rock Forming (nonclay) Minerals 
 
Quartz 
Quartz (SiO2) is the most common rock-forming mineral. 
 
Calcite 
Calcite is a common hexagonal carbonate mineral with the formula CaCO3. 
 
Laumontite 
Laumonitite is a member of the zeolite group of minerals.  It is a hydrated calcium aluminum 
silicate mineral that has the formula CaAl2Si4O12 x 4H2O. 
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Discussion of Terminology and Limitations 
 
Weight percentage data from X-ray diffraction methods are considered semi-quantitative.  There 
are many factors affecting the results. 
 
XRD methods can quantify crystalline material only.  Organic non-crystalline material in large 
concentrations can be detected but not quantified.  Therefore, any organic and/or non-crystalline 
material is not included in the accompanying results. 
 
Detection limits for XRD are on the order of one to five weight percent.  The detection limits 
differ for each mineral species. 
 
Mineral standards used to determine calibration factors are often different from the actual 
minerals analyzed.  Minerals such as feldspars that undergo solid solution are especially 
problematic.  Clay minerals are problematic for this same reason.  Clay minerals also have a 
wide range of crystallinities (poorly crystallized to well crystallized) which may compound this 
problem. 
 
With this method the data always sums to 100%.  This means that the percentages reported for 
each mineral are dependent upon the percentages reported for the other minerals.  If one mineral 
is underestimated the others will be overestimated.  Also, if one or more minerals are present but 
not detected then the percentages of the minerals that are detected will be overestimated. 
 
Any or all of the above factors may affect the estimated weight percentages. 
 
Data are formatted as weight percent, but are actually calculated as weight fractions.  Therefore, 
slight rounding errors may be observed in the formatted data. 
 
For this analytical method, the clay fraction is defined as the <4 micron ESD (Equivalent 
Spherical Diameter) fraction of the sample.  Clay fraction does not mean clay minerals 
(phyllosilicates) only, it is a size term and as such this size fraction can and almost always does 
include non-clay minerals (quartz, plagioclase, etc.).  This size fraction is used because it 
typically contains abundant clay minerals. 
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Clay Fraction (<4 Micron) XRD 
Sample Preparation and Analytical Procedures 
 
 
Sample Preparation 
Samples submitted for XRD analysis are first disaggregated using a mortar and pestle, weighed, 
and dispersed in de-ionized water using a sonic probe.  The samples are next centrifugally size-
fractionated into a bulk (>4 microns) and a clay-size (<4 microns ESD) fraction.  The clay 
suspensions are then decanted and vacuum-deposited on nylon membrane filters to produce 
oriented mounts.  Clay mounts are attached to glass slides and exposed to ethylene glycol vapor 
for a minimum of 24 hours to aid in detection and characterization of expandable clays.  The 
bulk fractions of each sample are dried and weighed in order to determine weight loss due to 
removal of clay-size materials. 
 
Analytical Procedures 
XRD analyses of the clay-size fractions of the samples are performed using a Siemens D500 
automated powder diffractometer equipped with a CuKa radiation source (40 Kv, 35 mA) and a 
solid state or scintillation detector.  The air-dried and glycol-solvated oriented clay mounts are 
analyzed over an angular range of 2-36 degrees 2 theta at a scan rate of 1 degree/minute. 
 
Quantitative analyses of the diffraction data are done using integrated peak areas (derived from 
peak deconvolution / profile-fitting techniques) and empirical reference intensity ratio (RIR) 
factors determined specifically for the  diffractometer used for data collection.  Determinations 
of mixed-layer clay type, ordering and percent expandable interlayers are done by comparing 
experimental diffraction data from the glycol-solvated clay aggregates with simulated one 
dimensional diffraction profiles generated using the program NEWMOD written by R. C. 
Reynolds. 
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Sample ID:  EST-023 
Ethylene Glycol Solvated Clay Fraction (<4 micron) 
X-ray Diffraction Trace 
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Sample ID:  EST-043 
Ethylene Glycol Solvated Clay Fraction (<4 micron) 
X-ray Diffraction Trace 
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 Sample ID:  EST-023 
Air-Dried Clay Fraction (<4 micron) 
X-ray Diffraction Trace 
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Sample ID:  EST-043 
Air-Dried Clay Fraction (<4 micron) 
X-ray Diffraction Trace 
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Appendix E. Commercial Use Data 
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Possible Commercial Uses of Transitional Clay Samples 
 
 
 
 
 
 
 
Sample # LL PL PI Possible Commerical Use
EST-039 67.45 29.84 37.61 Absorbents
EST-043 47.42 22.36 25.06 Brick
EST-027 51.62 25.69 25.93 Brick
EST-040 73.2 31.05 42.15 Absorbents
EST-023 105.54 39.25 66.29 Absorbents/ Aggregates
EST-012 79.78 32.54 47.24 Absorbents
EST-011 93.28 34.34 58.94 Absorbents/ Aggregates
R-41(NE Pont) 59.46 28.71 30.75 Refractory
R-33(NE Pont) 72.42 34.93 37.49 Absorbents
R-27(NE Pont) 72.04 32.55 39.49 Absorbents
R-15(Sher) 57.59 27.64 29.95 Brick/ Refractory
R-39(Sher) 40.66 22.72 17.94 Brick
R-37(Sher) 45.02 20.64 24.38 Brick
R-35(Sher) 68.66 29.37 39.29 Absorbents
R-31(Sher) 61.04 27.56 33.48 Refractory/ Absorbents
R-53(SE Pont) 41.19 20.31 20.88 Brick
R-49(SE Pont) 79.42 36.64 42.78 Absorbents
R-47(SE Pont) 67.04 35.72 31.32 Absorbents
R-45(SE Pont) 78.33 34.48 43.85 Absorbents
R-43(SE Pont) 34.01 19.85 14.16 Brick
R-29(SE Pont) 67.22 31.8 35.42 Absorbents
R-25(Bissel) 42.02 20.35 21.67 Brick
R-5(Troy) 78.87 33.19 45.68 Absorbents
R-7(Troy) 42.81 19.26 23.55 Brick
R-9(Troy) 52.38 27.3 25.08 Brick
R-57(Troy) 49.77 23.88 25.89 Brick
R-55(Troy) 66.38 31.36 35.02 Absorbents
R-13(TSE) 59.16 35.65 23.51 Refractory
R-1(TSE) 57.69 26.89 30.8 Brick/ Refractory
R-61(TSE) 44.69 24.29 20.4 Brick
TSE-041 55.26 25.57 29.69 Brick/ Refractory
R-23(TSE) 52.05 25.54 26.51 Brick/ Refractory
R-3(TSE) 78.08 27.7 50.38 Absorbents
R-59(BV) 68.12 29.8 38.32 Absorbents
BV-1 67.27 21.79 45.48 Absorbents
R-21(HE) 63.79 28.88 34.91 Refractory/ Absorbents
R-19(HE) 74.91 33.71 41.2 Absorbents
R-17(HE) 82.06 32.05 50.01 Absorbents
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Appendix F. Memos to Clay Industry Representatives 
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Date: 4/14/2011 
 
To: Charles Swann MMRI 
 
From: Chris Wheeler: University of Mississippi 
            Department of Geology and Geological Engineering   
 
Subject: Sample Information Report: Ripley Transitional Clay Characterization 
               Sample #: EST-023 
 
Current field research being performed by the University of Mississippi Department of 
Geology and Geological Engineering and the Mississippi Mineral Resources Institute has 
indicated a material of possible economic importance in the transitional clay facies of the Ripley 
Formation. As part of the research 38 samples have been taken throughout Union, Pontotoc, and 
Chickasaw Counties of Northeast, Mississippi from within the transitional clay and testing 
performed on these samples to assess their engineering properties and economic potential.  
A sample of particular interest, sample number EST-023 was taken from the east side of 
County Road 117 in Union County, Mississippi. The sample location is within the Ellistown 
topographic quadrangle, located approximately 1-mile West/Southwest of the community of 
Alpine, near an area where road cut has slumped into the ditch. The Lat/Long coordinates of the 
site are 34°29’15.38” N, 88°49’11.53” W, with an elevation of approximately 440 feet.   
Care was taken to locate the edge of the slump and sample from in-situ material. The 
overlying weathered material was removed and a sample of fresh material was collected. The 
sample was taken to the University of Mississippi geomechanics lab where it was then air died, 
crushed, and sieved. Atterberg limits and Potential Volume Change (PVC) tests were then run on 
the appropriate portion of the sample. 
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The results of the Atterberg limit tests were a liquid limit of 105.54%, plastic limit of 
39.25%, and plasticity index of 66.29%. When plotted on a Casagrande chart, these results 
indicate that the sample would classify as a clay of high plasticity. These values also indicate that 
the soil has very high expansive potential. The PVC test results supported the Atterberg limit 
findings with a Swell Index which was off of the charts, indicating a PVC category of “very 
critical”. 
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Comparing the Atterberg limit results of this sample with Dr. Nolan Aughenbaugh’s 
research on the correlation of Atterberg limits and commercial uses of clays in the state of 
Mississippi, performed from 1986-1991,would lead me to believe that this sample material has 
the potential to be used as a lightweight aggregate material or absorbent. 
 
Chris Wheeler 
University of Mississippi 
Department of Geology and Geological Engineering 
229-869-1175 
rcwheele@olemiss.edu 
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Date: 4/14/2011 
 
To: Charles Swann MMRI 
 
From: Chris Wheeler: University of Mississippi 
            Department of Geology and Geological Engineering   
 
Subject: Sample Information Report: Ripley Transitional Clay Characterization 
               Sample #: EST-011 
 
Current field research being preformed by the University of Mississippi Department of 
Geology and Geological Engineering and the Mississippi Mineral Resources Institute has 
indicated a material of possible economic importance in the transitional clay facies of the Ripley 
Formation. As part of the research 38 samples have been taken throughout Union, Pontotoc, and 
Chickasaw Counties of Northeast, Mississippi from within the transitional clay and testing 
performed on these samples to assess their engineering properties and economic potential.  
A sample of particular interest, sample number EST-011 was taken from a ditch cut along 
the south side of County Road 117 in Union County, Mississippi. The sample location is within 
the Ellistown topographic quadrangle, located approximately 2.5 miles West/Southwest of the 
community of Alpine.The Lat/Long coordinates of the site are 34°29’12.3” N, 88°50’25.2” W, 
with an elevation of approximately 390 feet.   
During sampling care was taken to sample from in-situ material. The overlying 
weathered material of the outcrop was removed and a sample of fresh material was collected. 
The sample was taken to the University of Mississippi geomechanics lab where it was then air 
died, crushed, and sieved. Atterberg limits and Potential Volume Change (PVC) tests were then 
run on the appropriate portion of the sample. 
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The results of the Atterberg limit tests were a liquid limit of 92.38%, plastic limit of 
34.34%, and plasticity index of 58.94%. When plotted on a Casagrande chart, these results 
indicate that the sample would classify as a clay of high plasticity. These values also indicate that 
the soil has very high expansive potential. The PVC test results supported the Atterberg limit 
findings with a Swell Index of  ~6500 lb/ft2, indicating a PVC category of “very critical”. 
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Comparing the Atterberg limit results of this sample with Dr. Nolan Aughenbaugh’s 
research on the correlation of Atterberg limits and commercial uses of clays in the state of 
Mississippi, performed from 1986-1991,would lead me to believe that this sample material has 
the potential to be used as a lightweight aggregate material or absorbent. 
 
Chris Wheeler 
University of Mississippi 
Department of Geology and Geological Engineering 
229-869-1175 
rcwheele@olemiss.edu 
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Date: 4/14/2011 
 
To: Charles Swann MMRI 
 
From: Chris Wheeler: University of Mississippi 
            Department of Geology and Geological Engineering   
 
Subject: Sample Information Report: Ripley Transitional Clay Characterization 
               Sample #: EST-043 
 
Current field research being preformed by the University of Mississippi Department of 
Geology and Geological Engineering and the Mississippi Mineral Resources Institute has 
indicated a material of possible economic importance in the transitional clay facies of the Ripley 
Formation. As part of the research 38 samples have been taken throughout Union, Pontotoc, and 
Chickasaw Counties of Northeast, Mississippi from within the transitional clay and testing 
performed on these samples to assess their engineering properties and economic potential.  
A sample of particular interest, sample number EST-043 was taken from a creek bank 
outcrop within McWhoster Creek, just west of County Road 194 in Union County, Mississippi. 
The sample location is within the Ellistown topographic quadrangle, located approximately 0.5 
miles South of the community of Fairfield. The Lat/Long coordinates of the site are 34°24’48.4” 
N, 88°50’29.85” W, with an elevation of approximately 340 feet.   
During sampling care was taken to sample from in-situ material. The overlying 
weathered material of the outcrop was removed and a sample of fresh material was collected. 
The sample was taken to the University of Mississippi geomechanics lab where it was then air 
died, crushed, and sieved. Atterberg limits and Potential Volume Change (PVC) tests were then 
run on the appropriate portion of the sample. 
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The results of the Atterberg limit tests were a liquid limit of 47.42%, plastic limit of 
22.36%, and plasticity index of 25.06%. When plotted on a Casagrande chart, these results 
indicate that the sample would classify as a clay of low plasticity. These values also indicate that 
the soil has low to moderate expansive potential. The PVC test results supported the Atterberg 
limit findings with a Swell Index of  ~1375 lb/ft2, indicating a PVC category of “non-critical”. 
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Comparing the Atterberg limit results of this sample with Dr. Nolan Aughenbaugh’s 
research on the correlation of Atterberg limits and commercial uses of clays in the state of 
Mississippi, performed from 1986-1991,would lead me to believe that this sample material has 
the potential to be used for brick or refractory manufacturing. 
 
Chris Wheeler 
University of Mississippi 
Department of Geology and Geological Engineering 
229-869-1175 
rcwheele@olemiss.edu 
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Date: 4/14/2011 
 
To: Charles Swann MMRI 
 
From: Chris Wheeler: University of Mississippi 
            Department of Geology and Geological Engineering   
 
Subject: Sample Information Report: Ripley Transitional Clay Characterization 
               Sample #: EST-027 
 
Current field research being preformed by the University of Mississippi Department of 
Geology and Geological Engineering and the Mississippi Mineral Resources Institute has 
indicated a material of possible economic importance in the transitional clay facies of the Ripley 
Formation. As part of the research 38 samples have been taken throughout Union, Pontotoc, and 
Chickasaw Counties of Northeast, Mississippi from within the transitional clay and testing 
performed on these samples to assess their engineering properties and economic potential.  
A sample of particular interest, sample number EST-027 was taken from a creek bank 
outcrop within Camp Creek, just North of County Road 2700 in Lee County, Mississippi. The 
sample location is within the Ellistown topographic quadrangle, located approximately 0.75 
miles West/Southwest of the community of Corrona. The Lat/Long coordinates of the site are 
34°27’56.94” N, 88°46’59.69” W, with an elevation of approximately 350 feet.   
During sampling care was taken to sample from in-situ material. The overlying 
weathered material of the outcrop was removed and a sample of fresh material was collected. 
The sample was taken to the University of Mississippi geomechanics lab where it was then air 
died, crushed, and sieved. Atterberg limits and Potential Volume Change (PVC) tests were then 
run on the appropriate portion of the sample. 
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The results of the Atterberg limit tests were a liquid limit of 51.62%, plastic limit of 
25.69%, and plasticity index of 25.93%. When plotted on a Casagrande chart, these results 
indicate that the sample would classify as a clay of low plasticity. These values also indicate that 
the soil has low to moderate expansive potential. The PVC test results supported the Atterberg 
limit findings with a Swell Index of  ~1375 lb/ft2, indicating a PVC category of “marginal”. 
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Comparing the Atterberg limit results of this sample with Dr. Nolan Aughenbaugh’s 
research on the correlation of Atterberg limits and commercial uses of clays in the state of 
Mississippi, performed from 1986-1991,would lead me to believe that this sample material has 
the potential to be used for brick or refractory manufacturing. 
 
Chris Wheeler 
University of Mississippi 
Department of Geology and Geological Engineering 
229-869-1175 
rcwheele@olemiss.edu 
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